Unfortunately Otto did not enjoy good health and was often ill. When taken by his parents to the Frankfurt Electrotechnical Exhibition of 1891, to see amongst other things the new electric light and some of the first articles made of aluminium, he suddenly collapsed. Diphtheria was diagnosed and he had to spend several weeks in bed. Not long afterwards he became ill with such severe inflammation of the lungs that his life was endangered and it was many weeks before he was well again. He also suffered from chronic asthma and was often obliged to sleep in a semi-upright position. Happily, all these ailments disappeared when he was fifteen and he enjoyed exceptionally good health thereafter. Heinrich Hahn did not smoke nor did he approve of his sons smoking, but Otto began to sample cigars whilst still at school and his out
Heiner and Julius left school after the Primary Examination in order to assist their father to develop the business, but Otto was allowed to continue because his parents hoped that he might become an architect. He was sent to a 1 echnical school to take extra lessons in subjects relevant to an architec tural career but his interest waned. At the same time he became sufficiently attracted by chemistry to carry out experiments in his mother's washhouse, making hydrogen, burning carbon in oxygen and working with sodium, yellow phosphorus and potassium perchlorate. Though science was not particularly well taught in the Realschule, H ahn's liking for chemistry con tinued to grow but it was by no means dominant. In the final school examina tion in the spring of 1897, he gained firsts in gymnastics, singing and religious studies, rathei than in chemistry and mathematics, and was third in a list of ten.
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developed a liking for smoking them when drinking beer in taverns with friends, and the taste for cigars and for beer remained with him through his life.
Student days
Having come to the conclusion that architecture did not suit him, Hahn decided to continue with his chemical studies, and on the advice of a friend, went to the University of Marburg. Although his parents disapproved of drinking and duelling he felt obliged to join one of the student societies, so he enrolled m the Natural Science Society which did not indulge in fighting, though regular beer drinking was obligatory. But the Natural Science Society succumbed, after a time, to the desire to wear colours and it joined forces with the Nibelungia' Verein. He was proud of his blue cap, which he wore at the commemoration festival in 1929 at which members pledged themselves once more to eternal friendship, but this happy association was destroyed in January 1933 when Nibelungia and other German student societies expelled all non Aryans' from membership. Hahn resigned in protest and never rejoined.
University science lectures did not strike him as being very inspiring. The chemistry lectures delivered by Professor Zincke were scholarly but not well presented, physics was dull and mathematics too difficult for chemistry students, and though he attended Zincke's lectures regularly, he missed the greater part of the physics and mathematics courses. In later years he was conscious that his physical and mathematical knowledge was not as good as he would have wished but he was never able to remedy this deficiency in his early training. He decided to spend his second year at the University of Munich, hoping to work in Adolf von Baeyer's Institute, but his application to join von Baeyer was too late; he was able instead, to do quantitative analysis with Professor Bender. He attended lectures in physical chemistry, special inorganic chemistry, zoology and art, and as the art lectures tended to clash with von Baeyer's course, he chose to miss the chemistry. On one occasion he fell asleep in a special inorganic chemistry lecture and was reprimanded by the lecturer, K. A. Hofmann. This upset him so much that he stopped attending, even though he thought Hofmann was very good.
Hahn managed to avoid taking part in the regular duelling activities of the student societies but he was obliged, in the Easter of 1899, to have a duel with another student who had insulted him in a Frankfurt street. This event, which took place in Breslau, had to be kept secret from his parents. Many years later, when he was living in Berlin, a brother member of 'Nibelungia' persuaded him to bear a challenge to Herr von Papen, who later became Ambassador in London and then Foreign Minister, on the ground that von Papen had insulted his wife. Much to H ahn's relief, von Papen was prepared to agree to a formula which satisfied the challenger and nothing more came of the incident. He returned to M arburg in the summer of 1899 for his fifth Semester and promptly fell in love with the daughter of a local chemist. She accepted a little poem which he had written but the affair did not last very long. Some time later he became attached to another girl and offered her the same poem. Unfortunately Lotte and Olga met and Olga mentioned the poem. When she recited the first line, Lotte was able to supply the second! Hahn began work for his doctorate in the summer of 1900 on a theme suggested by Professor Zincke. It concerned the bromination of iso-eugenol. At the same time he maintained his interest in mineralogy and continued attending lectures in philosophy, besides engaging in numerous social activities. Having been appointed chief officer of his student Verein he found himself involved in the Shrovetide festival, carnival processions and much beer drinking. After one of these occasions, he did not go up to his room but slept in the cellar of his lodgings. In the morning when he went to the laboratory, Zincke noticed his sorry state and remarked mildly that it was not a good condition for an examination candidate. In spite of these diversions, Hahn submitted his Thesis in the summer of 1901. When this was celebrated, sixty years later, in Angewandte , Professor K. Freudenberg wrote to him from Heidelberg to say that the yellow brominated quinone methide which he had prepared from iso-eugenol was still the best crystalline example of this type of compound.
On 1 October 1901, Hahn joined the 81st Infantry Regiment in Frankfurt as a one-year volunteer. His brothers all became Reserve Officers but though he passed the qualifying examination at the end of the year, he did not apply for a commission. Professor Zincke had offered him a post as lecture assistant, so he returned to Marburg in October 1902, thinking that this would be a step towards a career in industry, since Zincke had good connexions with the German chemical firms. The regular preparation of lecture experiments gave Hahn an opportunity to improve his experimental technique and he was also able to widen his knowledge of chemistry by helping the doctorate candidates. The work on bromination of iso-eugenol was published at this time, the first of a long series of articles in scientific journals over the next sixty years.
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Interlude with R amsay and R utherford During the summer of 1904, Zincke learned that the firm of Kalle and Go. would like to engage a young chemist who had some knowledge of English or French and he advised Hahn, with the firm's approval, to go to England for six months to improve his English. He also suggested that, in order to be usefully occupied, he should enter Sir William Ramsay's laboratory at University College London. The family business was prospering, so O tto's parents were able to finance him, and when a favourable reply was received from Ramsay, he set out for England in September 1904. Another German student, Dr Otto Sackur from Breslau, arrived soon afterwards and Ramsay suggested that they should both work on radioactive materials, in which he had become keenly interested. One of the first things they did was to show that the 'elements' actinium, discovered by Debierne, and 'emanium', discovered by Giesel, yielded emanations with identical half-lives, which in turn yielded the same active deposit; indeed the two preparations contained the same radioelement. Ramsay had also given Hahn 100 g of barium carbonate containing some radium, with instructions to separate the radium by fractional crystallization. The enriched radium fractions did not, however, appear to be radioactively pure; the normal radium emanation was accompanied by the shorter-lived thorium emanation at a much higher level of activity than obtainable from thorium itself. Hahn concluded that the thorium emanation derived from a new radio element which he called 'radiothorium' and which he was able to concentrate in preparations several 100 000 times as active as thorium itself. Ramsay took a great interest in this work and strongly advised Hahn to continue to do academic research in the new field of radiochemistry, rather than to embark on a career in industry as he had intended. By this time, Hahn, perhaps infected by Ramsay's enthusiasm and by his own initial success, had become a dedicated research worker and he responded without hesitation to Ramsay's suggestion that he should seek a place in the University of Berlin. Ramsay wrote to his friend Emil Fischer, describing Hahn in glowing terms. Fischer then saw Hahn in Berlin and offered him a place in his Institute, which was accepted. It was also agreed that Hahn should spend six months in Montreal with Ernest Rutherford in order to improve his still rather superficial knowledge of radioactivity, before taking up the appointment. He arrived in New York in September 1905 and after a few days sightseeing, continued his journey by steamer up the Hudson River to Albany. From there he went to Niagara Falls and then on to Montreal by train.
Rutherford and his co-workers were somewhat sceptical about Ramsay's work on radioactivity and Hahn had first to convince Rutherford that radiothorium actually existed. He had no difficulty in doing this and on Rutherford's suggestion began to study the a-particle emission from the radiothorium and actinium preparations which he had brought with him from London. Bragg & Kleeman had studied the range of a-particles from radioactive substances and had shown that each radioactive species could be identified by the range of its a-particles, which had uniform velocity. Examination of the active deposit from his radiothorium sample showed that a second a-emitting substance was present which he called thorium G (now known as ThC', i.e. ^P o ). He concluded that its half-life must be very short since all attempts at separation failed is 3 X 10~7 s). This new 'element', a term applied at that time to each radioactive species, was identified solely on the basis of its a-radiation, which had an exceptionally long range. Ionization curves were also obtained for other species in the thorium series -radiothorium, thorium X and thoron. Similar measurements made on his actinium sample, pointed to the existence of another new 'element' lying between actinium and actinium X, for which Hahn proposed the name radioactinium, analogous to radiothorium. Besides his own radiochemical work, he collaborated with Rutherford on the deflexion of a-rays emitted by the active deposit from radiothorium, by electromagnetic and electrostatic fields.
Hahn delighted in the easy, informal atmosphere of the laboratory and was immensely stimulated by Rutherford as well as by other workers such as Bertram B. Boltwood and A. S. Eve, who were there at the time.
Meals in Canada were not, however, as ample as those to which he had been accustomed, nor was drinking encouraged in the Rutherfords' circle, so for the first few months Hahn and his German colleague, Max Levin, used to sustain themselves with a special Sunday-night dinner and a bottle of beer at the Windsor Hotel. Fortunately, he could indulge in smoking without restriction since Rutherford was a great pipe-smoker and would sometimes borrow H ahn's pipe when he had misplaced his own. As Sir William Ramsay had observed in his letter to Professor Emil Fischer, Hahn was a German and wished to remain one, but there can be no doubt that he was profoundly influenced by his experiences, first with Ramsay in London and then with Rutherford during the exciting, but only too brief period in Montreal.
R esearch in Berlin, [1906] [1907] [1908] [1909] [1910] [1911] [1912] [1913] [1914] Hahn returned to the family home in Frankfurt in the summer of 1906 where he wrote up some of the work on radioactinium. After spending a holiday in the Tyrol with his brother Julius, he began work in the Chemical Institute of the University of Berlin in October, in a fairly large basement room which had previously been used as a woodworking shop. Later on, he was given more space in Professor Alfred Stock's inorganic chemistry laboratory, first priority was given to the acquisition of a stock of suitable radioactive preparations and soon he had available a few kilograms of impure lead chloride derived from pitchblende, as well as several milligrams ol radium obtained from Professor F. Giesel in Brunswick, who was at that time the only commercial producer. Thorium preparations were provided, free of charge, by the Berlin firm of Knofier, and Hahn still had the actinium preparation given to him by Ramsay.
In Montreal, Boltwood had been unable to agree with H ahn's estimate of the half-life of radiothorium. The explanation of the discrepancy became clear when Hahn compared the activity of freshly prepared thorium salts with that of preparations which were several years old. The activity decreased with increasing age, reached a minimum after a few years, and then increased gradually towards the level exhibited by the freshly prepared salts. Boltwood's thorium preparation was about three years old, when the activity would be near the minimum, and the whole effect could be accounted for if a new radioactive substance intermediate between thorium and radiothorium were postulated. Hahn quickly established that there are, in fact, two intermediate species which he named mesothorium 1 and mesothorium 2, the former having a half-life of about 5.5 years and the latter a half-life of only 6.2 hours. It was found that mesothorium 1 could not be separated from radium; indeed it appeared that these two 'elements' were even more closely related chemically than were members of the neighbouring group of rare earth elements, but it did not occur to Hahn that they might be different forms of the same element. The firm of Knofier and Co., who supplied the thorium preparations, became interested in the commercial production of mesothorium as a substitute for radium. In the meantime, Frederick Soddy had applied for a patent covering the preparation of mesothorium and Knofier and Co. agreed to pay him 26 000 marks for the German rights. Unfortunately for the firm, the patent was successfully contested by the Auer Company who were then able to enter the field as a competitor. In the end, both firms succeeded in selling substantial amounts until the import of thorium ceased during the 1914-18 war.
In September 1907, a young woman named Lise Meitner* came to Berlin from Vienna to study theoretical physics with Max Planck. She also wished to do experimental work in the Chemical Institute and as women were not allowed access to laboratories used by male students, Emil Fischer gave her special permission to work in the former carpenters' shop with Hahn. Soon they were collaborating in research on radioactive substances, Lise Meitner taking responsibility for the more physical aspects and Hahn being concerned with the chemistry. They began with a study of /3-radiation from meso thorium, looking first at absorption in aluminium and then at magnetic spectra. It was supposed, as a working hypothesis, that /3-radiation is of * Lise Meitner's biographical memoir appears later in this volume, p. 405. uniform energy and characteristic of the emitting species, analogously with a-radiation. Absorption was found to vary according to an exponential relation and the magnetic spectra were interpreted as being consistent with uniform energy. Various weak bands in the spectra remained unexplained, however, and later on it was realized that the interpretation was incorrect. Nevertheless, this work not only laid the foundations for further more precise studies, but also led to the characterization of several new /3-emitters. Following on earlier work by Meyer & von Schweidler in Vienna, Hahn & Meitner showed that the radioactive deposit derived from actinium contained actinium X. It was found that deposition of actinium X from a radioactinium source increased when a negative potential was applied to the collection surface and decreased when it was positive. Evidently actinium X ions were expelled from the source by the recoil accompanying a-particle emission from radioactinium. By using the very thin active deposits as sources, new species could be separated from them by this recoil method. Thorium D (later called thorium C"), actinium G (later actinium C") and radium C2 (later radium C") were all characterized in this way.
Whilst the work on /3-radiation was proceeding, Hahn continued with his radiochemical investigations. He had detected the presence of radium in pure thorium compounds prepared from monazite and came to the conclusion that an unknown radioactive parent of radium must be present in the apparently pure thorium. Soddy and Boltwood had already suspected that such a precursor of radium existed and before Hahn was able to complete his work Boltwood announced the discovery of the new substance, which he called ionium.
During these years, Hahn and Lise Meitner had no assistant, and Lise Meitner's position in the University remained rather insecure until she was given an official appointment some time later. Moreover, there seemed little prospect of academic advancement for Hahn since radiochemistry fell outside the established fields of chemistry and physics, but their collaboration prospered and became increasingly effective. Nor were H ahn's activities restricted to research. Rutherford engineered an invitation for him to attend the 1909 meeting of the British Association in Winnipeg and he took the opportunity to go all the way across the continent to Vancouver. Then, in 1910, he attended the International Radium Conference in Brussels where he met Madame Curie, Andre Debierne and Frederick Soddy for the first time. It was decided to set up an International Radium Standard Com mission and Hahn was appointed a member, together with Mme Curie, Debierne, Rutherford, Soddy, Meyer, von Schweidler, Geitel, Boltwood and Eve. In Berlin several members of the staff of the University Institutes and their families formed a choir which met regularly either at the Plancks' house or at the Harnacks' house. Hahn joined as a tenor and continued to enjoy these delightful musical and social evenings until they were brought to an end by the outbreak of war in 1914. He found physical recreation in the mountains, ski-ing in the winter and walking and climbing in the summer.
With his brother Heiner, he climbed the Matterhorn and the Dent Blanche in 1911 and was a keen mountaineer throughout his active life.
In those days the prestige of chemistry in Germany was very high, so when the Kaiser proposed that a scientific society be formed, based on a number of specialized Institutes, it was decided that the first two to be established should be for Chemistry and for Physical Chemistry, and Hahn was offered a small independent department in the new Kaiser Wilhelm Institute for Chemistry in Dahlem. It was a great improvement over the old carpenters' shop and had the virtue of being free from radioactive contamination. Lise Meitner was soon invited to join him and there was also provision for an assistant. Hahn decided to take advantage of the low background of radio activity in the new laboratories to study the properties of the naturally occurring, weakly radioactive elements potassium and rubidium. More work was done on rubidium because the activity of potassium was too low for useful measurements to be made. It was shown that the measured activity of rubidium does not arise from a short-lived intermediate and the half-life was also determined, but the results were not published until 1919 as the new assistant, Martin Rothenbach, who carried out the experiments, was killed in the first few months of the war.
Hahn enjoyed feminine company and when he was on a steamer trip from Stettin he met Miss Edith Junghans, the daughter of the chairman of the Stettin city council, 1 hey saw one another again in Berlin and in November 1912, they became engaged. H ahn's position had become more secure with the formation of an independent department for radioactive work, so he decided to get married. The wedding took place in Stettin in March 1913 . They went to San Vigilio on Lake Garda for the honeymoon and later in the year visited Vienna, where Hahn attended a conference, then they went on to Budapest to stay with the Hevesys. But this period of quiet domestic happiness was to last only a bare eighteen months.
T he [1914] [1915] [1916] [1917] [1918] war By the end of July 1914, war seemed inevitable. Hahn was a reservist and was ordered to report at Wittenberg to an infantry regiment which moved after the outbreak of war to the Western Front. In October he was given command of a machine-gun section armed with captured weapons and was awarded the Iron Cross Class II for his part in the autumn offensive. By Christmas he was in a front-line position in the neighbourhood of Messines and took part in the fraternization which occurred between German and British troops on Christmas Eve and Christmas Day. Shortly afterwards he was ordered to attend a meeting at Army Headquarters in Brussels with Professor Haber, who told him of the proposal to use poisonous gases in order to achieve a breakthrough in the West. Hahn protested that this would contravene the Hague Convention but Haber assured him that the French had already used gas in a small way and argued that if the war could be ended quickly through a chemical attack, many lives might in the end be saved. A new pioneer regiment was to be formed which would include manywell-known chemists and former colleagues. Hahn himself was posted as Gas Pioneer to the 126th Infantry Regiment near Gheluvelt to prepare for the mounting of the first gas attack, using cylinders of chlorine. Plans for this attack were eventually cancelled in favour of an operation to the north at Ypres. Hahn was not present when this took place and shortly found himself on the Eastern front in Galicia, where, for the first time he saw enemy prisoners affected by chlorine and phosgene. He was deeply distressed, not least by his own part in such tragic events. From time to time, he was sent to H aber's Institute in Dahlem, or was posted to other centres for training in the use of new war gases, and then sent back to one or other of the fronts. He was at Verdun in May 1916, when a gas attack was to be launched from Fort Douaumont but he was prevented by heavy enemy fire from entering the fort and making the necessary reconnaisance. Before he could make another attempt, a great fire broke out in the fort, followed by an ammunition explosion in which he and many others would certainly have perished. Staff work and technical development, partly concerning new weapons, and partly on particular devices, occupied most of 1917. Respirators were worn, in atmospheres containing various concentrations of new war gases, to the point of breakdown, in order to obtain a practical evaluation of efficiency. One of his colleagues died and Professor Freundlich became seriously ill through engaging in these tests, but Hahn suffered no ill effects.
One advantage of being attached to the Staff in Berlin was that it became possible to do some work in the radiochemical laboratory again. Lise Meitner had also returned after serving as a radiologist in Austrian Army field hospitals and they began the experiments they had left in 1914. As part of their programme of /3-ray studies, they had examined uranium-Y and uranium-X2 or 'brevium' as it was called by its discoverers, Fajans & Gohring. 'Brevium' behaved as a homologue of tantalum but there were grounds for believing that the unknown parent of actinium would also prove to be eka-tantalum. So Hahn and Meitner began to search for this element in the residues left after the treatment of pitchblende with nitric acid for the extraction of uranium and radium. By observation of the production of actinium emanation, the residues, which were enriched in tantalum, were shown to contain an eka-tantalum parent of actinium. This was eventually separated in radioactively pure form, and its relationship with actinium definitely established. Hahn and Meitner proposed that it should be called protoactinium (later protactinium) and this name became generally adopted in preference to brevium because of the long half-life as compared with that of uranium X 2.
Meanwhile a decision had been taken to attempt to break the Italian line on the Isonzo with the support of a gas attack. Hahn was sent there in September 1917 to make the necessary preparations and the attack, which was delivered on 24 October, was completely successful. Soon he was back on the Western Front, taking part in chemical warfare operations throughout the spring and early summer of 1918. Then he fell ill and had to spend the whole of July undergoing treatment at Bad Neuheim. When he recovered he was sent with a party of troops to the Hela Peninsula near Danzig, where experiments were to be carried out with a new form of chemical weapon. I hey travelled by ship from Wilhelmshaven, and Hahn benefited greatly from sea air and exercise during the voyage. The first series of experiments at Hela was completed just as the war ended, so Hahn and his faithful batman Rehfeldt, who had been with him since August 1914, returned to civilian life hoping to resume their former occupations.
Protactinium and uranium Z
There were disturbances and strikes in Berlin for some months after the end of the war and at one stage Hahn found himself acting as a stoker in a power station. He and Lise Meitner were, nevertheless, able to begin research work in the Institute. The pre-war work on rubidium and their war-time discovery of protactinium were written up and published in 1919 and the half lives of protactinium and actinium were determined with a much higher degree of precision. Though they had recognized, in their earlier work, that certain groups of radioactive species appeared to have identical chemical properties, and the radioactive displacement laws, formulated in 1913, had provided further clues, it required the development of the concept of isotopes by Soddy and the convincing evidence afforded by J. J. Thomson's and Aston's mass spectra, to establish the true explanation. Clearly 'brevium' and the newly discovered parent of actinium were isotopes of the same element. However, the nature of the link between uranium and protactinium still remained unknown, nor were the relationships between the immediate decay products of uranium entirely clear. It was thought that the recently discovered uranium Y was the parent of protactinium but the origin of uranium Y could not be established until actino-uranium (235U) was discovered several years later. Hahn had more success, however, with his investigations on uranium X. A separation with tantalic acid carrier showed indications of another isotope with a half-life intermediate between that of uranium X t and uranium X2. Further work established that it was a ^-emitting isotope of protactinium with a half-life of 6.7 hours; Hahn gave it the name uranium Z. He concluded that it must either be derived from uranium X r or from an unknown isotope of UX, of similar half-life. A large uranium X source was prepared from 100 kg of uranyl nitrate and the ratio of uranium Z to uranium X determined over a period of about five months, during which the activity of the uranium X decayed to 1 per cent of its initial value. The ratio remained constant, so Hahn concluded that when uranium X, decays by /3-emission to uranium X 2 it produces, by a parallel /3-process, a small proportion of uranium Z. These two radioisotopes of protactinium were therefore the first examples of nuclear isomers.
On 31 July 1921, Hahn developed a severe internal haemorrhage. He was operated on immediately, but unfortunately developed a secondary infection which confined him to hospital until the beginning of October. However, the news that his wife was expecting a child after nine years of marriage was a great tonic during his convalescence. Their first and only child, Hanno, was born in April 1922 . Times were still difficult in post-war Germany and financial problems, which became increasingly severe during the remainder of the year, reached a climax in the early part of 1923 when the mark lost all value. Though domestic life was by no means easy under such conditions, work at the Institute was almost unaffected. With the discovery of uranium Z, the series of natural radioisotopes appeared to be complete, so H ahn began to turn his attention to possible applications of radioisotopes in various chemical fields. Though Lise Meitner was developing her own independent researches into /3-spectra, they continued to co-operate to a limited extent on studies of /3-radiation from radium and radioactinium. H ahn also began to attract a number of able collaborators and his work became increasingly diversified over a period of almost twelve years until it entered a new phase in 1934.
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A pplied radiochemistry
Hahn had been aware, in his early work on radium preparations, that emanation is released more readily from smaller crystals and that there is a relation between specific surface area and emanating power. This was used as the basis of a technique for the study of surface and structural charges in solids. Emanating power, defined as the ratio between the amount of emanation escaping from the sample at a definite temperature and the total amount formed in it, under conditions of radioactive equilibrium, was determined for a variety of systems. The precipitated hydroxides of thorium and of iron in which radiothorium had been incorporated by co-precipitation, were found to be highly emanating, as expected from their large specific surfaces. Hahn, with F. Bobek, determined the surface area of thorium hydroxide precipitates by the radioisotope method of Paneth & Vorwerk and carried out measurements of emanating power at the same time. A smooth curve relating emanating power to surface area was obtained, but later work showed that the relationship is dependent on the nature of the system studied and on the conditions of the experiment. A development of immediate practical value was the preparation by Hahn & J. Heidenheim of stable, highly emanating sources consisting of radium carbonate or sulphate incorporated in about a hundredfold excess of air-dried iron hydroxide. It was shown, in a study of hydroxide gels, that the ageing process, the reversible and irreversible effects accompanying changes in relative humidity, and the changes taking place on heating, could be followed quite readily through measurements of emanating power. This work was published in successive papers with O. Muller, M. Biltz, G. Graue and Miss V. Senftner and was extended by them and by other members of the Institute independently. Various salts, particularly barium salts, glasses, metallic alloys, and organic compounds were studied. Hahn & H. Muller compared the emanating power of Jena glass with barium glass and found that whereas the behaviour of the Jena glass was unaffected by increasing humidity, the emanating power of the barium glass rose quite rapidly. These experiments all served to show that whilst noble gases are released from solids in a manner which is responsive to structural and surface changes, quantitative interpre tation was difficult. Even the series of organic barium salts prepared by F. Strassmann, which showed an increase of emanating power with increasing length of fatty acid chain (100 per cent for laurate and palmitate), also exhibited many unaccountable variations. Hahn and his collaborators attempted to explain their results in terms of a recoil process by which noble gas atoms were directly ejected from within a certain distance of the surface, and a diffusion process by which radon or thoron atoms completing their recoil within the crystal then diffused to the surface. The theory was developed quantitively by S. Fliigge & K. Zimens after 1938, but these authors also pointed out that the process is in practice, quite complex. Some of the additional factors which it is now known have to be taken into account, are recoil from one crystal or grain into another, local structural changes in the recoil track, effect of crystal defects on diffusion, formation of micro bubbles and their transport and growth at boundaries. If, in the end, H ahn's emanation method did not prove to be the quantitative tool which he had hoped for, the techniques which he developed in connexion with it became an integral part of radiochemistry.
Another theme during this period, which also attracted the interest of other members of the Institute, was the state of trace amounts of substances, as exemplified by traces of radioactive materials, in liquids and solids. Investigations in collaboration with L. Imre and with O. Werner on the nature of radiocolloids of thorium B and thorium C, led to the conclusion that radiocolloids are formed by the adsorption of radio-ions on particulate matter already present in the liquid. It was also concluded that adsorption occurs when insoluble radioactive compounds are formed or when the electrical charge on the particles can be neutralized by the radio-ion. Parallel investigations were initiated on the carrying down of trace amounts of radioactive materials with precipitates. According to the Fajans 'Precipitation Rule', a radioelement in dilute solution will be carried by a precipitate if conditions are such that it would be precipitated by itself when present in weighable amounts. Hahn pointed out, however, that the rule does not apply in all cases; for example, although radium sulphate is extremely insoluble, traces of radium are not carried down by a precipitate of calcium sulphate. He argued that there is one type of process in which the minor component is coprecipitated only if it forms mixed crystals with the major component and this rule became known as the Hahn 'Precipitation Law'. His colleagues N. Riehl, H. Kading and R. Mumbrauer examined the distribution of coprecipitated radium in barium chloride and in barium nitrate crystals. Radium was found to be distributed continuously throughout Biographical Memoirs the crystal in agreement with previous workers, but the form of the distribu tion, i.e. whether uniform or logarithmic, was shown to be dependent on the conditions of precipitation. Besides examples where mixed crystals would be expected, there were a number of instances in which mixed crystals appeared to be formed even though the substances were not isomorphous in macro scopic amounts. The system thorium B (lead)-potassium chloride was shown to belong to this type of anomalous mixed crystals. In the naturally occurring salts of the North German deposits, lead was found to be present in rock salt and in sylvite but not in carnallite and it was concluded that this lead arose from the lead isotopes contained in the water from which the salts originally crystallized, which were produced in the first place from radium. The presence of helium in these minerals, which now contain no a-emitters, could be attributed to the short-lived a-emission from polonium derived from the lead isotope radium D which they contained originally.
It had been recognized at an early stage by Paneth, that coprecipitation can also occur by a process of surface adsorption as well as by incorporation in the crystal lattice. His 'Adsorption Rule' states that 'a cation will be adsorbed by a salt of low solubility when it forms with an anion of the adsorbing salt a compound, the solubility of which in the solvent is small'. H ahn and his colleagues showed, both from the work of Fajans and from their own experiments, that the nature of the surface charge was also a determining factor. Thorium B and thorium X were strongly coprecipitated with calcium sulphate, silver iodide and silver chromate in presence of excess acid or salt with a strongly adsorbed anion, whereas coprecipitation was slight when there was excess of a strongly absorbed cation. The Paneth Adsorption Rule was therefore replaced by a new Hahn 'Adsorption Law': 'An ion, at any desired dilution, will be adsorbed by a precipitate if that precipitate has acquired a surface charge opposite in sign to the charge on the ion to be adsorbed, and if the adsorbed compound is slightly soluble in the solvent involved.' Further work by M umbrauer showed that there were exceptions even to this new law, though it had a wide range of applicability. Finally two other types of coprecipitation were studied making use of the autoradiographic method. A process of 'inner adsorption' was observed in which the micro component is not uniformly or continuously incorporated, but appears only in restricted directions in the crystal. Occlusions of radio colloids and of small volumes of radioactive mother liquor were also detected by this method. These principles of coprecipitation were applied by Hahn & Donat in a search for an inactive isotope of radium in barium minerals and by Hahn & Erbacher in a search for a radioactive ekacaesium in the decay products from mesothorium 2, but without success in either case.
The work on the emanation method, on coprecipitation and on other topics was well advanced by 1932 and Hahn gladly accepted an invitation to deliver the George Fisher Baker Lectures at Cornell University in 1933. This gave him an excellent opportunity to review much of what he had been 292 doing and the lectures were afterwards published in his well-known book entitled Applied radiochemistry. Whilst he was in Ithaca, he became interested once more in the radioactivity of rubidium and was fortunate enough to obtain several kilograms of a geologically old, Canadian mineral, which contained some rubidium. This was subjected to chemical treatment in the Kaiser Wilhelm Institute by F. Strassmann and E. Walling and the strontium quantitatively extracted. A mass spectrometric analysis by J. Mattauch showed that it consisted solely of the isotope 8?Sr and therefore that it had been formed by ^S-decay of 87Rb. Knowing the rubidium and strontium contents of the mineral and its geological age, which was determinable from other sources, the half-life of rubidium could be calculated. This was found to be 2 .3 x 1 0 " years, a value which was only slightly higher than the result which Hahn had obtained twenty years earlier. He pointed out that a valuable new method for the determination of geological age based on the radioactive decay of rubidium was now available, and within a few years had the satisfaction of seeing it generally adopted as a standard method.
Hahn had planned to visit the western parts of the United States after leaving Ithaca in the early summer of 1933 but alarming news from Berlin made him cut short his stay and return to Germany. The Nazi campaign against the Jews had already led to the dismissal of several able Jewish members of the Kaiser Wilhelm Institute for Physical Chemistry, and the Director, Professor F. Haber, not wishing to be treated differently from his colleagues, decided to hand in his resignation. All this was deeply distressing to Hahn, who went at once to Max Planck with a proposal for an organized protest by German scientists against the persecution of Jewish scientists. But Planck advised him that this would have no chance of success; it was already too late for protest and before anything else could be done, the Party tightened its control over the Institutes by the appointment of a Nazi sympathizer as Director in place of Haber.
Though Hahn steadfastly refused to join the Party he continued to occupy his post without molestation, but as the weeks passed, became increasingly aware of the political constraints. Haber, who was a sick man when he resigned, died in Switzerland early in 1934, and his friends and former colleagues arranged for a Memorial Meeting to be held in January 1935 under the auspices of the Kaiser Wilhelm Society, the German Chemical Society and the German Physical Society. This drew a sharp rebuke from the Minister of Education for Prussia and an order that no members of his Ministry must attend. The meeting was held, nevertheless, and a large gathering listened to addresses by Max Planck, Dr Joseph Koeth and by Hahn himself and to another by Professor K. F. Bonhoeffer which was delivered by Hahn. If Bonhoeffer had been present he would have been dismissed from his post at the University of Leipzig, whereas Hahn, having resigned from the Faculty of the University of Berlin in the previous year, was in a slightly less vulnerable position.
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Products from the bombardment of uranium and thorium by neutrons
Hahn and Lise Meitner visited Moscow in 1934 to attend the Mendeleev International Conference and on returning to Berlin, learned of Fermi's latest work on the interaction between neutrons and virtually the whole range of atomic nuclei. Radioactive isotopes of most of the elements in the Periodic System could now be prepared, but Hahn was specially intrigued by Fermi's experiments on uranium. As with the other elements, neutron capture had resulted in the production of ^-emitting radioisotopes, though in this case there were more of them. The radiochemical evidence seemed to exclude the possibility that they might be isotopes of radium or actinium or other lighter elements, so Fermi supposed that isotopes of several new elements beyond uranium had been formed by successive transformations. Doubts were soon expressed about the validity of these conclusions by A. von Grosse, a former colleague of H ahn's who had done a considerable amount of work on protactinium, and who thought that some of the active species might be isotopes of protactinium. Frau Ida Noddack went still further and suggested that it was more likely that heavy element nuclei would split into several large fragments when bombarded with neutrons. This idea was not in accord with the nuclear physical theories current at the time and was certainly not accepted by Hahn and Meitner. Nevertheless they were not entirely satisfied with Fermi's conclusions and prompted perhaps by von Grosse's ideas, thought that some further experiments, using uranium Z as tracer for protactinium, would be useful. The result was conclusive; Fermi's 13-minute isotope was not an isotope of protactinium, so he must have been right in supposing it to have a nuclear charge of 93 and to be an isotope of eka-rhenium.
It was at this point that Fritz Strassmann was brought into the work. He originally joined the Institute in 1929 and was by 1935, an experienced radiochemist. As he wished to enter academic life, Hahn had urged him to apply to the University for admission to the academic staff but when he was informed that he must first join one of the Nazi organizations, he refused to proceed with the application. His attitude towards the new political masters of Germany was therefore much the same as H ahn's; they were to remain close associates and collaborators for the next ten years.
The analysis of the products from neutron irradiation of uranium and thorium continued to yield more /3-emitting radioactive species and it was obvious that processes of considerable complexity must be involved if they were all isotopes of transuranium elements. They postulated that neutron absorption by uranium led to two separate but parallel chains of /3-decay processes, each forming a succession of fairly short-lived radioisotopes of the previously unknown elements 93, 94 and 95, with possible extensions to elements 96 and 97. The chemical characteristics of these radioisotopes, in so far as they could be determined, were similar to those of the platinum metals and the names eka-rhenium, eka-osmium, eka-iridium and ekaplatinum were applied to them, in conformity with current views regarding their expected properties. Meitner, Hahn & Strassmann also discovered a /3-emitting uranium isotope of 23-minute half-life in the experiments with slow neutrons, but they did not immediately attempt to separate its daughter, which would be an isotope of element 93, partly because isotopes of the supposed eka-rhenium were already known and there seemed to be no special urgency about identifying another one.
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T he discovery of nuclear fission
The concept first formulated by Fermi and developed by Hahn, Meitner & Strassmann, that the new radioactive species arising from neutron irradiation of uranium were isotopes of transuranium elements, was generally accepted. Mme Joliot-Curie in Paris, with her collaborator P. Savitch, found themselves in agreement with the results of Hahn, Meitner & Strassmann, but stated in 1937, that they had detected a 3.5-hour activity which seemed to behave differently. They decided that it was not a thorium isotope because it could be separated from thorium with the aid of a lanthanum carrier. In further papers, published in 1938, Curie & Savitch reported that the 3.5-hour activity exhibited rare earth-like properties, those indeed of lanthanum, but as it could be separated from actinium and apparently from lanthanum itself by fractional crystallization, they supposed it must be a transuranium element possessing properties very different from those of the known transuranic elements, even though they could not visualize how it would fit into the Hahn, Meitner and Strassmann scheme.
Meanwhile the 'Anschluss' with Austria, which took place early in 1938, led to serious problems for Lise Meitner. She was no longer protected by her Austrian nationality and as a person who was 'over 50 per cent non-aryan', could expect to be dismissed from her post and to suffer other penalties. The President of the Kaiser Wilhelm Society, Dr Bosch, attempted to obtain an exit visa for her through the Minister for Culture, but this was refused. A plan was then hurriedly prepared to get her out of Germany with the minimum of delay. Professor Scherrer was contacted in Switzerland and he wrote to Professor Coster who obtained authority from the Dutch Govern ment for her to enter Holland without a visa. She left Dahlem early in the morning of 17 July 1938, reaching Holland safely and went on to Stockholm where she had been offered a place in Professor Siegbahn's laboratory.
The last joint paper by Meitner, Hahn & Strassmann, which had been sent to the editor of DieJVaturwissenschaften on 10 July, described a sup eka-iridium isotope of 60-day half-life in the products of neutron irradiation of uranium. They also published a paper on thorium in which they postulated that, in addition to the production of a 26-minute thorium isotope which they had detected and which decayed by ^-emission to a 25-day protactinium, there were three parallel processes involving a-emission yielding three short lived radium isomers and their /3-decay products. Though a-emission in these particular processes was not actually detected, there seemed to be strong grounds for attributing several of the activities to isotopes of radium and actinium. When the latest paper by Curie & Savitch on uranium reached Berlin, Hahn gave it to Strassmann to read. Strassmann felt that their results could not be ignored; if the 3.5-hour activity was not a trans uranium isotope, could it be that there had been successive a-emissions giving an isotope of radium ? Hahn decided that some careful experiments should be done to put this idea to the test, and separations were carried out using lanthanum, barium and zirconium as carriers. A variety of radioactive species was found, several of which could not be separated from barium. They concluded that the Curie and Savitch 3.5-hour activity was probably a mixture of several activities and that those following the barium could only be isotopes of radium since barium itself was out of the question. A scheme, reminiscent of the scheme for thorium, was proposed, with three isomeric radium-actinium chains, each arising from two successive a-emissions.
Hahn mentioned these conclusions in a lecture which he gave in Copenhagen, but Niels Bohr found the idea of two successive a-emissions very difficult to accept, particularly as they had not actually been observed. He thought that the so-called radium isotopes might still prove to be transuranic; there was no suggestion, however, that they could be isotopes of barium. Lise Meitner, whom Hahn kept informed by letter, was also sceptical of the radium proposal. On 19 December 1938, he wrote again to say that they had been unable to separate the supposed radium from the barium carrier, and had carried out a tracer experiment using the radium isotope mesothorium-1. To their astonishment, the mesothorium was, as expected, progressively enriched by fractionation but the other activity remained with the barium. It behaved as if it were barium. In a further letter sent on the 21st he said that as chemists, they had to come to the conclusion that they were in fact dealing with radioisotopes of barium and likewise that the supposed actinium isotopes were isotopes of lanthanum. Lise Meitner's nephew, O. R. Frisch, was in Sweden for Christmas and they discussed H ahn's letter during an excursion through the woods, Lise Meitner walking and Frisch on skis. After some hesitation, Frisch accepted the correctness of the new conclusions and they quickly worked out what this would mean in terms of nuclear physics. Hahn and Strassmann had, in the meantime, sent a communication to Die Naturwissenschaften (on 22 December) which was published on the 6 January 1939. The paper had originally been intended to be an account of further work 'On the radium isotopes . . .' but they decided to substitute 'On the alkaline earth metals . . .' in the title and to add a paragraph stating that 'From these experiments, we must, as chemists, rename the elements in the above scheme, and instead of radium, actinium and thorium, write barium, lanthanum and cerium. As "nuclear chemists" , who are somewhat related to physicists, we cannot yet decide to take this big step, which contradicts all previous experience of nuclear physics. It is still possible that we could have been misled by an unusual series of accidents.' More refined tracer experiments were performed and a cyclic experiment in which barium carrier containing the suspected barium radioisotope was converted successively from chloride into succinate, nitrate, carbonate, chloride, ferrimannite and back to chloride. When the cycled barium chloride was compared with a sample of the original barium chloride no difference in activity could be detected. There could no longer be any question about the barium and when Hahn received a copy of an article which Lise Meitner & Otto Frisch were sending to Mature on physical aspects of the process termed by them 'nuclear fission', he felt completely confident. A further paper with Strassmann was sent to Die on 28 January which was published on 10 February. It included a full description of their latest results on the identification of barium isotopes in the products from neutron irradiation of uranium, together with evidence of the presence of krypton or xenon and of their decay products; neutrons could not, however, be detected, though it was suspected from mass considerations that some would be released. It was also shown for the first time that thorium undergoes a similar process when irradiated with fast neutrons.
After his Christmas meeting with Lise Meitner in Sweden, Frisch returned to Copenhagen and found Niels Bohr about to depart for the United States. There was just time to communicate to him the substance of the article which they were sending to Nature and he was instantly convinced of the correctness of their conclusions. Bohr was so excited by this discovery and impressed by its importance that he made a brief announcement at the American Physical Society Meeting on 26 January. Frisch carried out confirmatory experiments at once and immediately after Bohr's announce ment, other scientists did the same, even before Hahn & Strassmann's second paper came out on 10 February, and some of the results were published before Meitner & Frisch's communication to Nature appeared in March.
Hahn & Strassmann pressed on with their radiochemical studies of the fission products. They had thought, at first, that the 'transuranium elements' had been correctly identified as such but soon realized that they also were fission products. Seven more papers were published during the year but so many other workers entered the field that over a hundred articles relating to nuclear fission could be cited by the end of 1939. After celebrating his 60th birthday on 8 March, Hahn went to Stockholm, Oslo, Gothenburg and Copenhagen in late April and early May to lecture on fission and then visited England in June to lecture in London and Cambridge, where he also had what were for him clandestine talks with some of the emigre German scientists, but free international exchange of information did not continue for very long.
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T he Second W orld War
Once it had been firmly established that as much as 200 MeV energy is released per atom fissioned, plus two to three neutrons, it became clear that large-scale production of energy by a nuclear process might be possible. One of H ahn's colleagues, Dr S. Fliigge, published some of the first speculations on this in Die Natarwissenschaften in June 1939, which were soon elaborated in other countries. The outbreak of war in September sharpened official interest and obstacles began to be placed in the way of free publication. An office for nuclear research was established by the German War Department as early as the summer of 1939, and the leading nuclear scientists, including Hahn, were drawn into the national discussions. H ahn's position was difficult; he had always been a loyal German and Ramsay's comment about him in his letter to Emil Fischer: 'He is a German and wishes to remain one', still applied. Though he felt he owed no loyalty to the Nazis, who were responsible for the war, he recognized, nevertheless, that the whole German nation was involved in it. As Director of one of the Institutes of the Kaiser Wilhelm Society and the discoverer of nuclear fission, H ahn's presence at high-level meetings and discussions on the nuclear programme and the co-operation of his Institute were bound to be regarded as essential. It turned out, however, that he had little difficulty in confining his personal researches to basic studies of the fission products and other purely radiochemical matters.
Heisenberg had reported as early as December 1939 , that although energy could be generated from ordinary natural uranium if it were used in conjunction with heavy water or graphite to slow down the neutrons, it would be necessary to enrich the isotope uranium-235 in order to produce an explosive. These two possibilities later became the chief objectives of the German programme and for a year or two progress was remarkably rapid, in spite of rather lukewarm official backing. Later on, difficulties began to multiply; there were serious organizational weaknesses, also through premature commitment to heavy water, the project suffered an irretrievable setback from the loss of the Norwegian supply and finally the bombing attacks caused increasing disruption and delay. Several reactor experiments were set up but none actually achieved criticality; indeed, the final experiment under Heisenberg's control, was carried out in the small town of Haigerloch only a few weeks before the arrival of Allied troops. The result was that the project never reached the stage when the direct support of the radiochemists was needed in the technology, as for example in the separation of plutonium from uranium and the fission products. The most useful thing they could do was to characterize the fission products and to study relative yields, a programme which was in fact a continuation of Hahn and Strassmann's personal research and therefore quite acceptable to them.
They applied the Hahn emanation method to the study of short-lived noble gas isotopes and their decay products. A sample of ammonium diuranate was prepared by rapid precipitation at low temperature in order to give it a large surface area and therefore high emanating power. On irradiation with neutrons, the noble gas fission products were immediately released, and the 'active deposit' from them was collected on a negatively charged plate as in the classical radiochemical method. Rapid procedures were developed for chemical separation and counting of the short-lived non-gaseous daughter products on the plate and later on, W. SeelmannEggebert constructed an apparatus for measuring /3-emission from noble gas isotopes directly. By using these techniques in combination with different times of irradiation, different decay periods before chemical separation, and a variety of absorber thicknesses, Hahn and Strassmann with one or two colleagues, were able to construct a fairly comprehensive chart of the fission products from slow neutron irradiation of uranium. Their work was pub lished at intervals during the war years and was only superseded by the publication of the much more extensive American results in 1946. They did not, however, make much progress in the study of the transuranium elements, chiefly on account of the shortage of high intensity sources of radiation in Germany, such as the cyclotron. The 2.3-day isotope of element 93, formed from the 23-minute uranium isotope reported by Meitner, Hahn & Strassmann in 1937, was first discovered by McMillan & Abelson in 1940 and named by them neptunium. Further work was carried out by K. Starke and by Strassmann on the 2.3-day isotope and a method for its separation from uranium, uranium X and the fission products, was worked out in detail, but their sources were too weak to produce sufficient of its decay product, element 94, to be detected and characterized.
Scientific work became increasingly difficult as the bombing offensive against Berlin intensified, until the Kaiser Wilhelm Institute in BerlinDahlem had finally to be evacuated after receiving direct hits in February and March 1944 . Hahn and his wife lived in great discomfort after their house was damaged and the heating system put out of action, so it was with some relief that they moved with the other members of the Institute, to the small town of Tailfingen in South Germany. Early in the following year, their son Hanno came to stay with them to convalesce after the loss of an arm on the Eastern front. Meanwhile laboratory work had been resumed in a former textile factory and continued there without serious hindrance until the end of the war. A small unit of the retreating German forces entered the town on the 22-23 April with the intention of organizing its defence, but Hahn convinced the Mayor that it was folly to invite useless destruction and Tailfingen remained open. It had been agreed by the Allied High Command that this part of Germany would be occupied by the French and theirs were the first Allied troops to pass through the town. Unknown to the French, however, an Anglo-American nuclear intelligence team, supported by a special military force, was searching for sections of the German nuclear project. They had already occupied Haigerloch and Hechingen, where Professor Heisenberg had settled with his colleagues from the Kaiser Wilhelm Institute for Physics, and they moved into Tailfingen on the 25th. After assuring themselves that the laboratory possessed no uranium-235, they warned Hahn that he must prepare to leave with them in the morning for an extended period. Together with the other principal German nuclear 298 Biographical Memoirs scientists, he was moved by stages, first to Versailles, then to Belgium, and it was not until 3 July that they were flown to England and taken to a country house near Cambridge. When the news was announced on 6 August of the explosion of the first atomic bomb over Hiroshima, Hahn became so worried and upset that he could not sleep. His old friend Max von Laue stayed with him whilst his mind struggled with the knowledge that this human catastrophe was directly linked with his own scientific discovery.
As the weeks passed, the party at 'Farmhall' became increasingly concerned about the date of their return to Germany. Hahn was in such excellent physical condition that later on he could record with justifiable pride having completed a ten-kilometre run in 58 minutes, but he also began to feel depressed as the autumn approached. Exciting news from home at the end of September made internment seem even more irksome. Hanno's wife Ilse was expecting a child early in the new year and Max Planck had written inviting him to become President of the Kaiser Wilhelm Society. Then on 16 November it was announced that Hahn had been awarded the 1944 Nobel Prize for Chemistry, though he was not permitted at the time to go to Stockholm to receive it.
T he post-war years
The internees returned to Germany at last, on 3 January 1946. Hahn was almost 67 and he decided he should now devote himself to the restoration of the Kaiser Wilhelm Society and of German science in general. Arrange ments were made to establish the headquarters of the Society in Gottingen in the British Zone of occupation and in deference to the wishes of the Occupying Powers, it was renamed the Max Planck Society. Shortly afterwards Hahn, accompanied by his wife, went to Stockholm to receive the Nobel Prize from the hands of King Gustav on 10 December 1946. This exciting event was followed by a quiet, happy Christmas at home with Hanno and Ilse. But the new year, 1947, brought difficulties and frustrations; in spite of persistent efforts by Hahn, the other Occupying Authorities would not at first agree to a broadening of the territorial scope of the Max Planck Society to cover the whole of Western Germany. Eventually it was decided that the Society should operate in the American and British Zones and the new organization was formally constituted in Gottingen on 26 February 1948. Institutes in the French Zone were included in the following year.
Hahn was now a respected public figure in the new Germany. He negotiated with civil Departments and with the Zone Authorities, attended Governmental Conferences and presented the case for financial support of science to Ministers. The year 1949, when he celebrated his 70th birthday, was a particularly busy one. Besides attending to the affairs of the Max Planck Society, he received various honorary degrees, was awarded the Max Planck Medal of the German Physical Society, and fulfilled lecture engagements both in Germany and in Britain, where he took part in a conference on Chemistry of the Heavy Elements organized by the Chemical Society and also paid a visit to the Atomic Energy Research Establishment at Harwell. Later on he visited Spain, Turkey, and many other countries in Europe. This active public life had its interests and compensations, such as the friendship which he developed with President Heuss, but there were increasing private difficulties and problems. One evening in October 1951, as he was opening the door of his house, he was shot in the back by a man described as a disgruntled inventor, who wished to draw attention to the neglect of his ideas by established scientists. Hahn had scarcely recovered from this misfortune when his wife Edith had a nervous breakdown and had to spend several months in a clinic. Then, in 1952, he was badly bruised and shaken in a car accident, and in the following year, he suffered a minor heart attack. In spite of these setbacks, he continued to fulfil his numerous engagements. He also became involved in the public debate on the dangers of nuclear warfare and was largely instrumental in the preparation of a Declaration which was ultimately signed by fifty-one Nobel prizewinners. Deeply concerned about West Germany's position in relation to nuclear weapons, he, together with seventeen other nuclear scientists, issued a letter to the press on 12 April 1957, urging that the Federal Republic should renounce the possession of atomic weapons of any kind and stating that the signatories would under no circumstances take part in the production or testing of nuclear weapons. The Government was so concerned about this letter that a meeting was arranged with Chancellor Adenauer and other Ministers which resulted in a joint statement being issued which was acceptable to both sides.
On Hahn's eightieth birthday in March 1959 , it was announced, to his surprise, that the Institute of Nuclear Research in Berlin was to become the 'Hahn-Meitner Institute' and the Max Planck Institute for Chemistry in Mainz, where Fritz Strassmann had become Professor, was to be called the 'Otto Hahn Institute'. He had already decided to resign from his post as President of the Max Planck Society but had to wait until 19 May 1960 before he could hand over the reins to his successor, Professor Adolf Butenandt. The well-being of the Society had been his chief care throughout the post-war years and it was a great relief to be free of this responsibility, but fate had a heavy blow in store for him. His son and daughter-in-law were killed in a car accident in Normandy in August. Edith never recovered from the shock and remained an invalid for the rest of her life, so Hahn had to care both for her and for his beloved grandson Dieter. Otto Hahn was modest about his achievements. Starting as an unassuming and not specially distinguished student without academic ambitions, he had found himself working, quite by chance, in the new field of radiochemistry and had immediately discovered a new 'radioelement'. He regarded this as being due more to good luck than to his own skill. It is true that his physics and mathematics were not particularly strong, nor had he any pretence of theoretical brilliance, but he was, without doubt, an experimentalist par excellence, who succeeded in tracking down and discovering within the space of a few years, nearly a quarter of the radioisotopes constituting the natural radioactive series. He refined the precipitation and adsorption rules for trace constituents, developed the emanation method for studying surface changes in solids as well as the rubidium method for determination of geological age, and reported the first example of nuclear isomerism. Hahn and Meitner were the first to apply the process of radioactive recoil to the separation of radioactive isotopes; they also discovered uranium-239, parent of neptunium and plutonium. On two occasions, however, they came temporarily to wrong conclusions, first in their early work on /3-spectra when they supposed that /3-rays, analogously to a-rays, have uniform energy, and secondly, when they were studying the products from the neutron irradiation of uranium. They tried, like others, to interpret their results in terms of transuranic series. Lise Meitner had been the physicist member of the Hahn-Meitner team for thirty years and Hahn had always deferred to her judgement when it was a question of physics. After her departure in 1938, Hahn and Strassmann continued on the same lines until they became convinced, rather suddenly, that much lighter elements were being produced and if that were so, a phenomenon was occurring which nuclear physicists had previously thought to be so improbable as not to be worthy of serious consideration. In these circumstances Hahn felt he could not make a com pletely unqualified statement until he heard from Lise Meitner that she and Otto Frisch had been able to formulate the process in acceptable physical terms. This close working relationship between the head of a scientific institute in Nazi Germany and an emigre Jewish scientist was certainly not favoured by the times, and its continuance was a tribute to H ahn's stability of character and personal loyalty.
It was remarkable, how, after the war, this rather unassuming scientist who had spent a lifetime in the laboratory, became an effective administrator and an important public figure in Germany. Hahn, famous as the discoverer of nuclear fission, was respected and trusted for his human qualities, simplicity of manner, transparent honesty, common sense and loyalty.
Professor F. Strassmann, Professor O. R. Frisch, F.R.S., Professor Berta Karlik, Dr R. Lindner, Dr L. G. Cook, Mrs H. Scheld (Otto Hahn Institute) and Mr P. J. Jones (Atomic Energy Research Establishment) have generously provided information which has been of substantial help to me in the preparation of this Memoir and this is gratefully acknowledged.
R. Spence
Honours and Distinctions Hahn received many honours in his own country, beginning with the Emil Fischer Medal of the Society of German Chemists (1922) and followed later by the Copernicus Prize of the University of Konigsberg (1941) , the Gothenius Medal of the Akademie der Naturforscher in Halle (1943) , the Max Planck Medal of the German Physical Society, jointly with Lise Meitner (1949) , the Goethe Medal of the city of Frankfurt-on-the-Main (1949) and the Grotius Medal of the Hugo Grotius Foundation (1956) . He also received the Harnack Medal in Bronze and Gold, the Wilhelm Exner Medal, the Ernst Reuter Medal, the Helmholtz Medal and the Senckenberg Silver Medal as well as the highest civic and state honours: The Freedom of the cities of Frankfurt, Gottingen and Berlin; the Grand Cross of the German Distinguished Services Order (1954) ; Pour le merite, Friedensklasse (1957) and the Grand Cross of the Federal Republic (1959) .
The discovery of fission was first recognized internationally by the award to Hahn of the Nobel Prize for Chemistry (1944) ; previously he had received the Cannizaro Prize of the Royal Academy of Science in Rome (1938) for his earlier work. He was created an Officer of the French Legion of Honour and was awarded the Golden Paracelsus Medal of the Swiss Chemical Society (1953) and the Faraday Medal of the Chemical Society, London (1956) and the Enrico Fermi Prize (1966) , jointly with Lise Meitner and Fritz Strassmann.
Hahn also received a number of honorary degrees: Dr rer. nat. from the University of Gottingen (1949) ; Dr Ing. from the Technischen Hochschule, Darmstadt (1949) ; Dr Phil, from the University of Frankfurt (1949) and D.Sc. from the University of Cambridge (1957) . 
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